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Hunger and malnutrition remain among the most devastating problems facing the world’s poor and needy, and continue
to dominate the health and well-being of the world’s poorest nations. Moreover, there are growing doubts as to the long-
term sustainability of many existing food production systems, including capture fisheries and aquaculture, to meet the future
increasing global demands. Of the different agricultural food production systems, aquaculture (the farming of aquatic animals
and plants) is widely viewed as an important weapon in the global fight against malnutrition and poverty, particularly within
developing countries where over 93% of global production is currently produced, providing in most instances an affordable
and a much needed source of high quality animal protein, lipids, and other essential nutrients. The current article compares
for the first time the development and growth of the aquaculture sector and capture fisheries by analyzing production by mean
trophic level. Whereas marine capture fisheries have been feeding the world on high trophic level carnivorous fish species
since mankind has been fishing the oceans, aquaculture production within developing countries has focused, by and large,
on the production of lower trophic level species. However, like capture fisheries, aquaculture focus within economically
developed countries has been essentially on the culture of high value-, high trophic level-carnivorous species. The long
term sustainability of these production systems is questionable unless the industry can reduce its dependence upon capture
fisheries for sourcing raw materials for feed formulation and seed inputs. In line with above, the article calls for the urgent
need for all countries to adopt and adhere to the principles and guidelines for responsible aquaculture of the FAO Code of
Conduct for Responsible Fisheries.
Keywords fisheries, aquaculture, FAO, Code of Conduct, trophic level, food supply
INTRODUCTION
Recognizing the vital role of fisheries in world food security,
and economic and social development, on 31 October 1995 over
170 member Governments of the FAO Conference unanimously
adopted a Code of Conduct for Responsible Fisheries (the Code;
FAO, 1995). The Code fundamentally originated in fulfillment
of the primordial need to ensure the sustainability of living
aquatic resources and their environment for present and future
generations. The development of the Code was carried out by
Address correspondence to Dr. Albert G. J. Tacon, Aquatic Farms
Ltd., 49–139 Kamehameha Hwy, Kaneohe, Hawaii 96744, USA. E-mail:
agjtacon@aol.com
FAO in consultation and collaboration with relevant United Na-
tions Agencies and other international organizations, including
non-government organizations over a three year period.
The Code is voluntary and provides principles and standards
applicable to the conservation, management, and development
of the fisheries sector, including aquaculture (but excluding
recreational and ornamental fisheries). The underpinning phi-
losophy is that the “right to fish or farm” carries the obligation
to do so responsibly, as well as maintaining the quality and
availability of fishery resources in sufficient quantities for
present and future generations. The Code of Conduct for
Responsible Fisheries emphasizes a participatory approach in
the decision-making processes, including consultation among
stakeholders and the effective and proactive involvement of
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industry representatives, fish-workers, and environmental
organizations. The Code also recognizes the special needs of
developing countries and, within this context, the important
contributions of artisanal and small-scale fisheries to employ-
ment, income generation, and food security. The code calls
upon states to protect the rights of these groups, giving them,
where appropriate, preferential access to traditional fishing
grounds and resources in water under their natural jurisdiction.
Aquaculture, including culture-based fisheries, is viewed as
a means of promoting diversification of income and diet, and
the Code calls for states to ensure that resources are used re-
sponsibly and adverse impacts on the environment and on local
communities are minimized (FAO, 1995).
Notwithstanding the existence of the above Code, it is yet
not fully adopted nor implemented in several instances (Pitcher
et al., 2009; Hosch, 2009). Thus, the present article argues the
case why major aquaculture producing countries should adopt
the Code within their national aquaculture/fishery management
and development plans and legislation.
The article also compares for the first time the development
of the rapidly growing aquaculture sector with capture fish-
eries through the analysis of the mean trophic level of the ma-
jor landed species, and highlights the need for the continued
growth of ecologically sustainable responsible aquaculture de-
velopment.
RESPONSIBLE AQUACULTURE
Article 9 of the Code deals with aquaculture develop-
ment, providing twenty-two guiding principles under four over-
arching themes, namely: (9.1) Responsible development of
aquaculture (including culture-based fisheries) in areas under
national jurisdiction; (9.2) Responsible development of aqua-
culture (including culture-based fisheries) within transboundary
aquatic ecosystems; (9.3) Use of aquatic genetic resources for
the purposes of aquaculture (including culture-based fisheries);
and (9.4) Responsible aquaculture at the production level.
In terms of the global fish supply, it is important to high-
light three guiding principles within the Code: namely: (9.1.3)
States should ensure that aquaculture development is “ecolog-
ically sustainable” and to allow the rational use of resources
shared by aquaculture and other activities; (9.1.4) States should
ensure that the livelihoods of local communities, and their access
to fishing grounds, are not negatively affected by aquaculture
developments; and (11.1.9) States should encourage the use of
fish for human consumption and promote consumption of fish
whenever appropriate. In addition, one of the overall objectives
of the Code (2.f) is “To promote the contribution of fisheries to
food security and food quality, giving priority to the nutritional
needs of local communities.”
Governments and stakeholders (including industry and fish-
ing communities) are responsible for implementing the Code,
and FAO’s role is to promote implementation by providing tech-
nical and policy support. To date, FAO has developed a series
of technical guidelines to countries in support of the implemen-
tation of the aquaculture component of the Code, including the
precautionary approach to capture fisheries and species intro-
ductions (FAO, 1996), specific technical guidelines concerning
aquaculture development (FAO, 1997), guidelines dealing with
responsible fish utilization (FAO, 1998) and good aquaculture
feed manufacturing practice (FAO, 2001), guidelines for in-
creasing the contribution of small-scale fisheries to poverty al-
leviation and food security (FAO, 2005, 2008a), and guidelines
on the use of wild fish as feed in aquaculture and its implications
to food security and poverty alleviation (FAO, 2008f).
Worldwide adherence to the aquaculture provisions within
the Code has been relatively slow (Pitcher et al., 2009; Hosch,
2009). Despite this, Australia has shown real leadership by em-
bracing “Ecologically Sustainable Development” (ESD; ‘De-
velopment that improves the total quality of life, both now and
in the future, in a way that maintains the ecological processes on
which life depend’; Zan, 1995) within their National Fisheries
and Aquaculture Acts (Australian Fisheries Legislation: http://
www.daff.gov.au/fisheries/legal-arrangements/legislation), and
developing an Australian Aquaculture Code of Conduct
(GAIN, 2003; www.growfish.com.au/cat content.asp?catid=
117&contentid=163) and a “Best Practice” framework of
regulatory arrangements for aquaculture in Australia (DAFF,
2005: http://www.daff.gov.au/ data/assets/pdf file/0004/5755/
best practice paper.pdf). According to GAIN (2003), the Aus-
tralian aquaculture industry has adopted a set of principles that
form the basis for their Code of Conduct so as to maintain eco-
logical and economic sustainability, namely: (i) Ecologically
sustainable development; (ii) Economic viability; (iii) Long-
term protection of the environment to ensure availability of
suitable sites for aquaculture operations; (iv) Compliance with,
and auditing of adherence to, regulations and the Code of Con-
duct; (v) Resource sharing and consideration of other users of
the environment; and (vi) Research and development to support
the achievement of the above five priorities.
Other governments are in the process of developing their
own responsible aquaculture compliant policies and guidelines
(FAO, 2006), but to date it has been largely industry and non-
government organizations that have taken the lead (World Bank,
2007). Although not always embracing all of the recommended
principles and criteria within the FAO Code, organizations and
consortiums have developed specific Codes of Conduct or Codes
of Practice for responsible aquaculture (Table 1).
PERCEIVED UNSUSTAINABLE AQUACULTURE
PRACTICES
Although aquaculture has been the fastest growing animal
food producing sector globally for the last two to three decades
with production (excluding aquatic plants) growing at an aver-
age compounded rate of 8.1% per year since 1961 (compared
reviews in fisheries science vol. 18 1 2010
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Table 1 Examples of organizations and consortiums that currently have developed specific Codes of Conduct or Codes of Practice for responsible aquaculture
Organization/consortium Document Website
Southeast Asian Fisheries Development Center Regional Guidelines for Responsible Aquaculture in
Southeast Asia
http://www.seafdec.net/rccrf/GL2.pdf
Federation of European Aquaculture Producers Code of Conduct for Responsible and Sustainable
European Aquaculture
http://www.feap.info/feap/code/default en.asp
Global Aquaculture Alliance Codes of Practice for Responsible Shrimp Farming http://www.gaalliance.org/code.html
Network of Aquaculture Centres in Asia-Pacific,
United Nations Environment Program, World
Bank, World Wildlife Fund and FAO
Consortium
International Principles for Responsible Shrimp
Farming
http://www.enaca.org/modules/wfdownloads/
singlefile.php?cid=142&lid=735
Southeast Asian Fisheries Development Center Code of Practice for Sustainable Use of Mangrove
Ecosystems for Aquaculture in Southeast Asia
http://www.seafdec.org.ph/pdf/Code of
Practice Mangrove.pdf
US National Marine Fisheries Service Code of Conduct for Responsible Aquaculture
Development in the U.S. Exclusive Economic
Zone
http://www.nmfs.noaa.gov/trade/AQ/
AQCode.pdf
Washington Fish Growers Association Code on Responsible Practices in Saltwater Salmon
Farming
http://www.wfga.net/conduct.asp
Maine Aquaculture Association Recommended Code of Practice for Aquaculture in
Maine
http://www.maineaquaculture.com/Code of
Practice v1.pdf
Scottish Finfish Aquaculture Working Group Code of Good Practice for Scottish Finfish
Aquaculture
http://www.scottishsalmon.co.uk/dlDocs/
CoGp.pdf
Thailand Shrimp Farmers Association Thailand Code of Conduct for Shrimp Farming http://www.thaiqualityshrimp.com/coc/home.asp
(in Thai)
Virginia Institute of Marine Science in
association with local shellfish farmers
Best Management Practices for Virginia Shellfish
Culture Industry
www.vims.edu/adv/aqua/MRR%202008 10.pdf
Washington Department of Natural Resources Best Management Practices (BMP’s) for Geoduck
Aquaculture on State Owned Aquatic Lands in
Washington State
http://www.dnr.wa.gov/Publications/amp
sepa aqr totten july dnr bmps.pdf
BC Shellfish Growers Association BC Shellfish Aquaculture Code of Practice www.davidsuzuki.org/files/. . . /
FinalCOPSubmission02July03.pdf
New Zealand Mussel Industry Council New Zealand Mussel Industry Environmental Code
of Practice
NZMIC (2004)
http://www.nzmic.co.nz/
with 3.0% for terrestrial farmed meat production, 3.4% for egg
production, and 1.5% for milk production over the same pe-
riod; FAO, 2008b, 2008c), the sector has not been without its
problems and critics. As with terrestrial livestock production
systems (FAO, 2007; PCIFAP, 2008), the major problems and
issues raised have been related mainly with the unregulated
development of more intensive industrial scale production sys-
tems, and in particular with farming systems for the production
of marine shrimp and carnivorous finfish species (Allsopp et al.,
2008; Goldburg and Naylor, 2005; ICFW, 1996; Naylor et al.,
2000; Weber, 2003). In these critiques, the fact that the great
bulk of aquaculture production occurs in small-sized farms, of-
ten farmer owned and managed, particularly in Asia where over
90% of global aquaculture production occurs, have been al-
most always neglected and/or not addressed. More often than
not, these critiques tend to equate all aquaculture development
to shrimp and salmonid farming ventures (De Silva and Davy,
2009).
Specific issues which have been raised by common critiques
on aquaculture to highlight perceived unsustainable aquaculture
practices and/or the potential negative impacts of the sector have
included:
• Mangrove destruction and habitat loss (Stickney and McVey,
2002);
• Pollution and degradation of the aquatic and benthic environ-
ment (Tett, 2008);
• Escapes and genetic interactions with wild fish populations
(Sva˚sand et al., 2007);
• Parasite and disease transfer to wild fish populations (Stickney
and McVey, 2002);
• Use of non-native species and genetically modified aquatic
organisms (Stickney and McVey, 2002);
• Use of toxic/bio-accumulative chemicals and antibiotics
(Cabello, 2006);
• Use of low value/trash fish, fish meal, and fish oil as feed
inputs (Deutsch et al., 2007; Tacon and Metian, 2008);
• Interactions with marine mammals, turtles, and birds
(Stickney and McVey, 2002);
• Use of wild caught seed and associated by-catch (Ronnback
et al., 2002);
• Displacement of coastal fishing and farming communities
(Viswanathan and Genio, 2001);
• Disruption of seafood prices, local food supplies, and food
security (Dey et al., 2005; Funge-Smith et al., 2005);
reviews in fisheries science vol. 18 1 2010
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• Livelihood impacts and reduced access to community re-
sources (Ronnback et al., 2002);
• Salinization of potable water and ground water (Allsopp et al.,
2008);
• Social exclusion, social unrest, and conflicts (Viswanathan
and Genio, 2001);
• Conflicts with tourism, recreational fishing, and commercial
fishing (Stickney and McVey, 2002);
• Environmental contaminants and food safety concerns (Tacon
and Barg, 2001).
While the majority of the above listed issues and impacts are
based on sound scientific facts and information, and are usu-
ally site and farm specific, they all can be mitigated or their
impacts greatly minimized by strict adherence to the principles
and guidelines within the FAO Code for Responsible Aqua-
culture (Tacon and Barg, 2001). Toward this end, considerable
effort has also recently been focused on the development of
Best Management Practices (BMPs) and aquaculture certifica-
tion programs so as to show adherence to the Code and/or to
more environmentally responsible or sustainable farming prac-
tices (Allsopp et al., 2008; Boyd et al., 2005, 2008; WWF, 2007;
Umesh et al., 2009). While this is certainly a step in the right
direction, these BMPs and certification schemes have usually
focused only at the production level (Article 9.4 of the Code;
FAO, 1995), and as such have usually ignored the wider ecosys-
tem, social, and food security issues mentioned within the Code
(Costa-Pierce, 2002; Lubchenco, 2003; Viswanathan and Genio,
2001).
Within this context, consumer’s perceived importance of sus-
tainability issues in the seafood industry needs to be carefully
considered, as the purchasing behavior of consumers is di-
rectly affecting markets prices, and therefore industry trends.
The results of a survey implemented in Belgium (a highly in-
dustrialized country with a significant fishery and aquaculture
background) suggested that sustainability and ethical concerns
are fundamental in determining the purchasing of wild caught
seafood, while for aquaculture products, food quality, and safety
are the most important attributes affecting consumer purchasing
behavior (Verbeke et al., 2007). However, it has been also re-
ported that environmental detrimental practices are increasingly
important concerns affecting fish and seafood buyers (Mazur
and Curtis, 2008; Turchini and De Silva, 2008; Honkanen and
Olsen, 2009). Therefore, the adoption of the Code of Conduct
for Responsible Fisheries, and the consequent implementation
of responsible aquaculture practices, will likely be also a crucial
step towards the long-term economic viability of the sector, and
hence should be a goal for aquaculture stakeholders in both de-
veloping and industrialized countries. In fact, it is increasingly
recognized that in the fishery sector, as for all agri-businesses,
long-term economic viability and environmental sustainability
go hand in hand (BenDor et al., 2009). A manifest example is the
reduction of the exploitation of wild caught fish for fishmeal and
fish oil production and the increased utilization of agricultural
by-products in aquafeed (Tacon and Metian, 2008).
TROPHIC LEVEL IMPLICATIONS AND TRENDS
IN GLOBAL FISH SUPPLY
As mentioned previously, the trophic level of an animal or
plant species represents its relative position in the aquatic food
chain. The mean trophic level of fishery landings has been pro-
posed by Pauly et al. (1998) as an index of the impact of fishing.
According to these authors (Pauly et al., 1998), the calculation
of mean trophic level, TLi , is the landings Y for a particular
year i (or the aquaculture production) multiplied by the trophic
level of the individual species groups j , then taking a weighted
mean, that is:
TLi =
∑
ij TLijYij
∑
Yij
For our calculation, we have used Food and Agriculture Orga-
nization (FAO) landing/production data (FAO, 2008b) and the
trophic level estimates of the fished/farmed species as given in
FishBase (www.fishbase.org; Froese & Pauly, 2007). Tables 2
and 3 show the top 25 cultivated finfish species in 2006 by
quantity and value, respectively, together with their respective
trophic levels.
Marine capture fisheries has been feeding the world on high
trophic level piscivorous/carnivorous finfish species (pollock,
tuna, cod, hake, drums, croakers, snappers, groupers, flatfish,
breams, basses, etc.); carnivorous mollusc species (squid, cut-
tlefish, octopus); and high market value crustaceans (shrimp,
lobsters, crabs) since mankind has been fishing the oceans (Fig-
ure 1). In fact, over-fishing for high trophic level and value finfish
species has been such that the global fisheries catch has report-
edly been moving down the aquatic food chain from long-lived,
high trophic-level piscivorous bottom fish toward short-lived,
lower trophic level plantivirous pelagic fish and invertebrates
(Pauly et al., 1998). However, these trends are reversible with
the implementation of improved ecosystem-based fishery man-
agement practices (Worm et al., 2006, 2009). Thus, in 2006 (the
latest year for which complete global fisheries statistical infor-
mation exists) over 76.9% of total reported finfish landings from
capture fisheries and 56.0% of total reported mollusc landings
were species positioned high in the aquatic food chain with a
mean trophic level of 3 and above (Figure 2; Tacon and Metian,
2009a); capture fisheries supplying over 97.4% of total landed
marine finfish, 57.8% of total landed crustaceans and 35.0%
of total landed molluscs in 2006 (FAO, 2008b). Surprisingly,
weighted analysis of the global mean trophic level of captured
and cultured fish showed no major significant increase or de-
crease over the past 56 years (Figure 2).
The pioneering study of Pauly et al. (1998), in which it was
proposed the “fishing down marine food webs” concept and
related ecological consequences, was based on similar datasets
and analyzing the trend of the mean trophic level of landed
seafood from 1950 to 1994. The authors reported that the mean
trophic level for marine fisheries decreased from 3.3 in the early
1950s to less than 3.1 in 1994, concluding that, on average, the
reviews in fisheries science vol. 18 1 2010
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Table 2 Major finfish produced by world aquaculture (Top 25) in 2006 and their trophic levels (quantities given in metric tonnes)
Common name Latin name Trophic level1 Production 20062
Silver carp Hypophthalmichthys molitrix 2.00 4,358,686
Grass carp Ctenopharyngodon idellus 2.00 4,010,281
Common carp Cyprinus carpio 2.96 3,172,488
Bighead carp Hypophthalmichthys nobilis 2.33 2,394,255
Crucian carp Carassius carassius 3.11 2,097,188
Freshwater fishes nei Osteichthyes 3.10 2,074,612
Nile tilapia Oreochromis niloticus 2.00 1,988,726
Roho labeo Labeo rohita 2.01 1,332,430
Catla Catla catla 2.75 1,330,633
Atlantic salmon Salmo salar 4.43 1,307,684
White amur bream Parabramis pekinensis 2.00 594,287
Milkfish Chanos chanos 2.03 585,375
Rainbow trout Oncorhynchus mykiss 4.42 550,473
Pangas catfishes nei Pangasius spp 3.10 499,513
Channel catfish Ictalurus punctatus 3.87 433,860
Mrigal carp Cirrhinus mrigala 2.40 359,996
Black carp Mylopharyngodon piceus 3.19 350,645
Marine fishes nei Osteichthyes 3.50 316,429
Amur catfish Silurus asotus 4.50 309,898
Snakehead Channa argus 4.20 303,803
Tilapias nei Oreochromis (= Tilapia) spp 2.50 286,938
Japanese eel Anguilla japonica 3.55 257,818
Japanese seabass Lateolabrax japonicus 3.36 257,217
Cyprinids nei Cyprinidae 2.80 254,916
Flathead grey mullet Mugil cephalus 2.13 244,091
Total production for Top 25 29,672,242 (91% of total finfish)
Mean trophic level for Top 25 2.64
1Trophic levels of individual finfish species taken from FishBase (Froese and Pauly, 2008).
2FAO, 2008b.
mean trophic level of fisheries landings had declined at a rate of
about 0.1 per decade. In the study it was also suggested that the
continuation of negative trend would have lead to widespread
fisheries collapse. Subsequently, and more recently, the phe-
nomenon named “fishing through marine food webs” was also
indicated as being equally severe as leading to conflicting de-
mands for ecosystem services (Essington et al., 2006). Accord-
ingly, the data presented in the present article (Figure 2), though
quantitatively slightly different from the data reported by Pauly
et al. (1998) likely due to the fact that our data have been com-
puted on both marine and freshwater fisheries, show that while
a decline in mean trophic level was evident from 1950 to 1994,
varying from 3.46 to 3.34, in the last two decades an increase in
the average trophic level was apparent, returning to 3.38 in 2006.
While the discussion of trends and implications of trophic levels
and wild fisheries is outside the scope of the present study, these
data are promising and likely due also to the implementation of
the FAO Code of Conduct for Responsible Fisheries, at least in
some major fishing areas (Pitcher et al., 2009; Hosch, 2009).
The ecological meaning and environmental implications of
the trophic level of wild caught seafood is conceptually differ-
ent from that of cultured species. In fact, within the aquaculture
sector, the trophic level of a cultured species is directly pro-
portional to the required input (feed) of such farming activity.
Briefly, species with a high trophic level (such as salmonids and
marine carnivorous finfish) require a high (quantitatively and
qualitatively) amount of externally provided protein-rich feed.
Hence, the manifest environmental implications are the sourcing
of such input and the consequent output (waste products) into
the natural environment. On the other hand, very low trophic
level species will require minimal/nill external input, and often,
as in the case of bivalve molluscs, they actually derive their
nutrient from the water, significantly and positively impacting
on water quality. Consequently, “farming down the food web”
has an environmentally positive meaning, while the opposite,
“farming up the food web” is believed by some to be a more en-
vironmentally unsustainable and/or ethically illogical direction
(Pauly et al., 2001; Stergiou et al., 2008).
In marked contrast to capture fisheries, over 74.2% of to-
tal aquaculture production in 2006 were species feeding low
in the aquatic food chain, including aquatic plants, filter feed-
ing molluscs, and herbivorous and omnivorous finfish species
with a mean trophic level below 3 (Figures 1 and 2); aquacul-
ture supplying 76.1% of total landed freshwater finfish, 65.2%
of total landed diadromous finfish, 42.2% of total landed crus-
taceans, 65.0% of total landed molluscs, and 92.9% of total
landed aquatic plants in 2006 (FAO, 2008b). Over 85% of total
farmed finfish production was in the form of freshwater fish
species (Figure 3), primarily low trophic level species, with
the top ten farmed species including silver carp (4.36 million
reviews in fisheries science vol. 18 1 2010
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Table 3 Value of major finfish produced by world aquaculture (Top 25) in 2006 and their trophic levels (value given in thousand $US)
Common name Latin name Trophic level1 Values 20062
Atlantic salmon Salmo salar 4.43 6,565,857
Silver carp Hypophthalmichthys molitrix 2.00 3,686,054
Grass carp Ctenopharyngodon idellus 2.00 3,377,471
Freshwater fishes nei Osteichthyes 3.10 2,987,911
Common carp Cyprinus carpio 2.96 2,965,649
Nile tilapia Oreochromis niloticus 2.00 2,220,314
Rainbow trout Oncorhynchus mykiss 4.42 2,145,243
Bighead carp Hypophthalmichthys nobilis 2.33 2,126,850
Roho labeo Labeo rohita 2.01 1,562,795
Crucian carp Carassius carassius 3.11 1,526,256
Mandarin fish Siniperca chuatsi 4.45 1,424,584
Catla Catla catla 2.75 1,323,130
Japanese amberjack Seriola quinqueradiata 3.96 1,318,064
Japanese eel Anguilla japonica 3.55 1,004,232
Pangas catfishes nei Pangasius spp 3.10 747,854
White amur bream Parabramis pekinensis 2.00 709,634
Channel catfish Ictalurus punctatus 3.87 669,366
Milkfish Chanos chanos 2.03 645,931
Black carp Mylopharyngodon piceus 3.19 600,909
Gilthead seabream Sparus aurata 3.26 594,923
Bastard halibut Paralichthys olivaceus 4.35 555,665
Coho salmon Oncorhynchus kisutch 4.22 532,299
Tilapias nei Oreochromis (= Tilapia) spp 2.50 515,782
Flathead grey mullet Mugil cephalus 2.13 510,718
Silver seabream Pagrus auratus 3.32 466,682
Total values for Top 25 40,784,173 (88% of total finfish)
Mean trophic level for Top 25 2.62
1Trophic levels of individual finfish species taken from FishBase (Froese and Pauly, 2008).
2FAO, 2008b.
tonnes, TL 2.0), grass carp (4.01 million tonnes, TL 2.0), com-
mon carp (3.17 million tonnes, TL 2.96), bighead carp (2.39
million tonnes, TL 2.33), crucian carp (2.10 million tonnes, TL
3.11), Nile tilapia (1.99 million tonnes, TL 2.0), Rohu (1.33
million tonnes, TL 2.01), catla (1.33 million tonnes, TL 2.75),
white amur bream (0.59 million tonnes, TL 2.0), and Pangas
catfish (0.50 million tonnes, TL 3.1: FAO, 2008b).
Despite having a more ecologically balanced trophic pyramid
structure (Figure 1), aquaculture is currently set out towards the
increasing culture of high trophic level and higher market value
finfish species, particularly within developed countries, and to
a lesser extent developing countries and China (Stergiou et al.,
2008; Tacon and Nates, 2007; Figure 4). Although total aqua-
culture production from developed countries represented less
than 6.3% of total production by weight in 2006, it represented
15.8% of total production by value (FAO, 2008b). Within devel-
oped countries, 90.2% of total finfish production is high trophic
level species (top 10 high TL cultured species including At-
lantic salmon TL 4.43, rainbow trout TL 4.42, channel catfish
TL 3.87, Japanese amberjack TL 3.96, gilthead seabream TL
3.26, silver seabream TL 3.32, European seabass TL 3.79, chi-
nook salmon 4.40, Japanese eel 3.55, and brown trout TL 3.15).
On the other hand, only 29.8% for developing countries, and
27.6% for China of total finfish production is high trophic level
species (Figure 4). In fact, it is widely believed that over-fishing
and the increasing culture of high trophic level species has been
fueled to a large extent by the market demands within devel-
oped countries for the consumption and importation of higher
market value high trophic level piscivorous/carnivorous finfish
and crustacean species (Alder and Sumaila, 2005; Rosenthal,
2008). For example, according to FAO global fisheries database
(FAO, 2008b), developed countries imported 80% of all inter-
nationally traded fisheries products in 2006 (valued at US$72.6
billion). Of particular significance, is the fact that the culture
of high trophic level species and crustaceans is currently highly
dependent upon marine capture fisheries for sourcing farm feed
inputs, either in the form of fish meal and fish oil used within
industrially compounded aquafeeds (Tacon and Metian, 2008),
or low value/trash feed in fresh or processed form as a direct
feed (Tacon and Metian, 2009a). Moreover, the bulk of these
feed inputs is derived from lower value and TL small pelagic
forage fish species, including Peruvian anchovy (TL 2.7), blue
whiting (TL 4.01), chub mackerel (TL 3.09), Chilean jack mack-
erel (TL 3.49), Japanese anchovy (TL 2.56), capelin (TL 3.10),
Californian pilchard (2.43), European sprat (TL 3.0), round sar-
dinella (TL 3.0), Gulf menhaden (TL 2.19), and Sandeels (3.19).
Approximately 24.5 million tonnes or 36.2% of the total global
fisheries catch (primarily small pelagic forage fish species) was
destined for non-food uses in 2006 (FAO, 2008d), primarily
for use within aquaculture feeds (Tacon and Metian, 2009a). In
reviews in fisheries science vol. 18 1 2010
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Figure 1 Total aquaculture and capture fisheries production by calculated
weighted mean trophic level 1950–2006 (total species production [excluding
mammals] taken from FAO (2008b) and trophic levels for individual species
taken from the FishBase database (Froese and Pauly, 2007)).
the above context, it is also important to point out that a large
quantity of fish resources that are being channeled for other
non-human food production, such as the pet food industry, has
received scanty attention until recently (De Silva and Turchini,
2008). These authors pointed out the need for an urgent dia-
logue among all users of fish for purposes other than direct
human consumption.
ETHICAL CONSIDERATIONS AND FOOD FISH
AVAILABILITY, DISTRIBUTION, AND SECURITY
Despite the fact that over 71% of our planet is covered by
oceans, lakes, and rivers, in global terms food production from
these aquatic ecosystems and farms is still relatively small com-
pared with terrestrial food production systems. According to
the latest FAO Food Balance Sheets for 2003, total production
of food fish (including fish, seafood, and other fishery-derived
products) from capture fisheries and aquaculture supplied 16.06
kg of food fish per capita per year, and constituted 5.8% of total
protein supply (15.0% total animal protein supply), 1.2% of total
fat supply, and 1.0% of total energy supply (FAO, 2008e). How-
ever, these global averages mask important regional differences,
with the contribution of fish to total animal protein supply rang-
ing from a low of 6.6% in North America (developed countries)
and Latin America and the Caribbean region, 9.1% in Oceania,
10% in Europe, 18% in Africa (including Sub-Saharan Africa),
to 21% in Asia (Tacon and Metian, 2009b). At present, food fish
represents the primary source of animal protein (contributing
more than 25% of total animal protein supply) for over 1.25
billion people in 39 countries (FAO, 2008e), including about
339 million people or 51.6% of the total population within Sub-
Saharan Africa (Tacon and Metian, 2009b). Food fish, whether
captured or cultured, currently plays an important role in the
nutrition and food security of many countries, and, in particular,
low value low TL fish in the diet of the poor and needy within
developing countries in the Asian and African region (Choo and
Williams, 2003; Dey et al., 2005; FAO, 2003; Viswanathan and
Genio, 2001; Tacon and Barg, 2001). Per capita supply of food
fish from capture fisheries was estimated at 8.9 kg per year for
2006 (down by 20.5% after reaching a high of 11.7 kg in 1987),
compared with 7.8 kg for aquaculture for 2006 or 47% of total
global food fish supply; per capita food fish supply from aqua-
culture is steadily increasing at an average compound rate of
8.6% per year since 1970 (FAO, 2008d).
More often than not, critiques of aquaculture have failed to
take into account the socio-economic contributions to the farm-
ing communities, particularly in Asia, who happen to be mostly
poor, small scale, rural farmers, and the overall contribution of
aquaculture to the societal well-being of developing countries.
This aspect is most evident in respect of recent developments
on the aquaculture of low-valued species feeding low in the
food chain in developing countries, in particular in Asia, the
epicenter of aquaculture development. Two cases that exem-
plify these developments are the aquaculture of Pangasianodon
hypophthalmus, striped and or tra catfish in the Mekong Delta,
Vietnam and Labeo rohita, rohu in Myanmar.
The former is one of the most successful primary food pro-
duction sectors in the world (Phuong and Oanh, 2009; Phan
et al., 2009), having achieved a production level of 835 thou-
sand tonnes in the first seven months of 2008 (Sub-Institute for
Fisheries Economics and Planning in Southern Vietnam, 2009),
and recording the fastest growth in any aquaculture sector ever,
based on a single species, averaging a production of about 400
tonnes per ha per crop, superseding by far the production per unit
area in other primary production sectors. Over 90% of cultured
catfish is processed and exported to more than 100 countries
globally (Nguyen, 2007; Wilkinson, 2008; Phuong and Oanh,
2009). In the first seven months of 2008, the catfish export in-
come from Vietnam topped US$740 million (Sub-Institute for
Fisheries Economics and Planning in Southern Vietnam 2009),
being only second to global export incomes from shrimp and
salmonid culture. The catfish farming sector thus far provides an
estimated 105,535 livelihoods (Sub-Institute for Fisheries Eco-
nomics and Planning in Southern Vietnam, 2009), the bulk of it
in the processing sector, mostly for rural women.
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Figure 2 Global trend in weighted mean trophic level of total finfish landings from capture fisheries and aquaculture 1950–2006 (trophic levels for individual
species taken from FishBase (Froese and Pauly, 2007)).
In the same vein, there had been a rapid growth of rohu
culture for export in Myanmar, a development that had occurred
in a span of six to seven years (Aye et al., 2007), admittedly
not of the same magnitude as that seen in catfish culture in
Vietnam. Here again, apart from the export earnings of over
US$80 million in 2007, the sector has provided employment to
over 50,000 rural women.
In poor countries it is well known that employment of women
not only results in empowerment of households, but results in a
cascading effect that brings social benefits as well as economic
benefits to the whole family and ultimately to the whole commu-
nity (Yunus, 2007). Indeed, this is the principle of the Grameen
Bank concept that has effectively contributed to poverty reduc-
tion in Bangladesh, one of the few countries that is on track to
achieve the Millennium Development Goal of reducing poverty
by half by 2015 (Yunus, 2007).
In terms of increased global food fish supply from aquacul-
ture, it is clear that in the long term, effort should be focused
on the further consolidation and expansion of the cultivation
of lower trophic level fish and shellfish species (Figures 1 and
2), and in particular freshwater finfish species (carps, tilapia,
omnivorous catfish, etc.) favored by the rural poor within devel-
oping countries (Figure 4; Dey et al., 2005; Tacon, 2001). Over
85.2% of total farmed finfish production in 2006, being fresh-
water fish species (Figure 3), was targeted mainly for domestic
home consumption as a more affordable and highly nutritious
alternative to terrestrial meat products (FAO, 2008b; Sargent
and Tacon, 1999).
Arguably, it should also be noted that the current
extensive/semi-intensive aquaculture of low trophic level fresh-
water fish (which currently represent the bulk of global finfish
culture production) cannot be further expanded without further
intensification. In fact, freshwater is an increasingly limited re-
source and competition with other users (i.e., agriculture, urban,
and industry) is becoming more stringent. Consequently, a pos-
sible approach to increase production is to increase the level of
intensification of farming practices. Nevertheless, this intensifi-
cation has to be implemented in such a way that the production
cost will be maintained as low as possible, allowing the farming
of lower value-low trophic level species to remain an econom-
ically viable option. A good example of such possibility is the
current catfish industry in the Mekong Delta; a species with
flexible feeding habits and tolerant of poor water conditions.
Although there is no doubt of the economic benefit of
culturing high trophic level aquaculture species, including
increased employment opportunities within rural coastal areas
(as in the case of salmonid culture), aquaculture development
efforts of high trophic level species (as with lower trophic
level species) should proceed with strict adherence to the
principles and criteria within the FAO Code of Conduct for
Figure 3 Total global finfish production from capture fisheries and aquaculture by major habitat species grouping in 2006 (values in million tonnes; FAO,
2008b).
reviews in fisheries science vol. 18 1 2010
D
o
w
n
lo
ad
ed
 B
y:
 [
De
ak
in
 U
ni
ve
rs
it
y]
 A
t:
 0
2:
26
 3
0 
Ju
ly
 2
01
0
102 A. G. J. TACON ET AL.
Figure 4 Global trends in aquaculture production expressed in weighted mean trophic level by economic country grouping, including China (weighted trophic
levels calculated from Froese and Pauly, 2007 and FAO, 2008b).
Responsible Fisheries (FAO, 1995, 1997; Stickney and McVey,
2002; Viswanathan and Genio, 2001). However, for the latter
to proceed in an ecologically sustainable manner, it is essential
that the sector reduce its current dependence upon capture
fisheries and potential food-grade fishery resources for sourcing
feed inputs (Naylor et al., 2000; Tacon and Metian, 2008,
2009a), through the further development and use of alternative
more sustainable plant and animal protein and lipid sources
(Gatlin et al., 2007; Hasan et al., 2007; Tacon and Nates, 2007).
CLOSING REMARKS
It is also important to mention here other recent FAO initiated
activities (Soto et al., 2008), and in particular, the recent de-
velopments concerning the possible integration of aquaculture-
related activities within the broader ecosystem in such a way that
it promotes sustainable development, equity, and resilience of
interlinked social and ecological systems (Costa-Pierce, 2008;
Hambrey et al., 2008). It has been recommended that such a
strategy be guided by three main principles that should en-
sure the contribution of aquaculture to sustainable development,
namely that (1) aquaculture should be developed in the context
of ecosystem functions and services with no degradation of
these beyond their resilience capacity; (ii) aquaculture should
improve human well-being and equity for all relevant stake-
holders; and (iii) aquaculture should be developed in the con-
text of (and integrated to) other relevant sectors. This new ‘FAO
Ecosystem Approach to Aquaculture’ may turn out to be an im-
portant global driver of responsible aquaculture policies in the
future.
On a final note, it is important to repeat here Article 11.1.9
of the Code, namely that “States should encourage the use of
fish for human consumption and promote consumption of fish
whenever appropriate”; and that one the objectives of the Code
(Article 2.f) is “To promote the contribution of fisheries (in-
cluding aquaculture) to food security and food quality, giving
priority to the nutritional needs of local communities.”
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